The biosorption for La", Co", Mn2', U022' , Pb'+ , Ag' , Zn" , Cd% and Crz' by wet and dry biomass form Myxococcus xanthus obtained from laboratory cultures and Saccharomyces cerevisiae from the brewing industry has been studied. M. xanthus biomass was found to be !he most efficient biosorbent for all of the metals assayed. However, due to the fact that S. cerevisiae is a low cost residual by-product from the brewing industry, and at the same time yields good levels of biosorption, it is considered in this work to be of great interest for use as a detoxifier of heavy metals contaminated waters. In addition, the use of sodium carbonate as a desorbent agent is discussed where it was possible to recover up to 9453 % of UO, 2+ by both M. xanthus and S. cerevisiae biomass.
INTRODUCTION
The use of microorganisms in the extraction of metals can be considered as an economically viable alternative to existing methods and can be centred upon two distinct applications. These being: a) metal extraction from insoluble minerals, mainly through biolixiviation and b) the recovery of metals in solution, through bioaccumulation both at surface and intracellular level, in microorganisms or cellular fractions derived from them (1). Heavy metals uptake processes by biological cells are known under the general term of biosorption. These phenomena include both passive adsorption of heavy metals at binding sites on the envelopes of cells and metabolically mediated uptake. The occurrence of these mechanisms depends on the metals and the types of microorganism. The composition of the medium may also have a direct effect on both passive adsorption and metabolic uptake (2). The biological and chemical characteristics of these uptake processes are important, not only as an aid in the understanding of the role of metallic ions in basic cellular functions but also because biological biomass could possibly be employed in the detoxification of industrial efluents, thus protecting the environment and/or allowing the recovery of valuable metals (3). The possibility of using microorganisms to separate useful or toxic metals from solutions became apparent after studies carried out by Broda (4) on the accumulation of metals by microorganisms. In the laboratory, biomass systems designed to carry out such functions require the addition of nutrients and specific environmental conditions in order to function, thus making their application on an industrial scale economically inviable. However, industrially produced microbial biomass waste products such as brewery yeast, could be considered as a suitable alternative.
In this paper a study has been carried out in which the biosorption of different metals by the biomass of both Myxooocous xanfhus (from laboratory culture) and Saccbaromyces cerevisiae (waste microbial biomass from a brewery) is compared. The biosorption of the following metals: La", Co*+, Mn*', UO,*', Pb*', Ag', Zn*', Cd*', CF+ and Ba*' was specifically taken into consideration in an attempt to determine the potential biotecnological utility of the biomass of both these microorganisms in the removal of the different metals in contaminated water. M. xanfhus is characterized by having an abundant production of mucus, or extracellular polysaccharide.
This microorganism belongs to
Myxobacteria which is, with respect to its complex life cycle which involves a remarkable process of morphogenesis and differentiation, a singular group within the microbial world. They are soil bacteria, abundant in almost all soils and are considered to have an important ecological role (5). The S.
cerevisiae strain used in this work is an industrial flocculant yeast.
MATERIALS AND METHODS

Biomass preparation
The strains used in this study were M. xanfhus C.E.C.T. 422, from the Spanish Type Culture Collection (Butjasot, Valencia) and S. cerevisiae, an industrial strain from a brewery (strain Rh from V.L.B. from Berlin, of bottom fermentation and high attenuation). M. xanfhus cells were grown in liquid cultures in 250 ml Erlenmeyer flasks with 100 ml of CT broth (1% Bacto Casitone-Difco, O-l%, MgSO,*7YO, 3033% PO,Hl$-PO, y K, pH 6.5). The cultures were incubated at 28°C and shaken in an orbital shaker (Gallenkamp) at 200 r-pm. Cells were collected after 72h. The biomass from the brewery was collected directly from the fermentation tanks as soon as the beer had been drained off after fermentation. It was then taken to our laboratory, and kept at 4°C until its use in the various experiments.
From each microorganism, we prepared two types of biomass: wet biomass (collected directly with no additional treatment) and dry biomass (original wet biomass dried at 120°C for 24 hours and then ground with a mortar and pestle). The dried biomasses were kept in polyethylene tubes in a completely dry atmosphere.
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Metal-biosorption experiments
For the metal-biosorption determination, 0.4 mg of the dry biomass (or its equivalent of I*8 and 21 mg wet weight of S. cemvisae and M. xanthus per ml respectively) from the different microorganisms was added to 50 ml metal nitrate solutions at a concentration of O-4 mM and pH 4.5 (8).
The metal-nitrate-solution and the biomass mixture was shaken at 220 rpm on a New Brunswick rotary shaker at 28°C for 60 min. Biomass were separated from the samples by centrifugation at 5000 mm for 10 min and the supematant was kept for analysis. The collected sediments were used for metal desorption as described below.
Metal desorption
For desorption, we resuspended the collected sediments in 50 ml of sodium carbonate, 0.1 M, pH 4.5, shaking the mixtures for 15 min at 28°C. As in the previous cases, the supematant was kept after separating the biomass by centrifugation at 5000 rpm for 10 min.
Analysis of the metal-ion solutions
Chemical analyses were made by Inductively Coupled Plasma Spectroscopy (ICP), using a Leewaks PS 1000, with a detection limit of 0.085 mg I-'.
RESULTS AND DISCUSSION
The results presented below represent the means of at least 5 repetitions with 95% to 97%
reproducibility.
The biosorption capacity of wet and dried biomass from M. xanthus and S. cerevisiae in the different tested solutions are given in Fig. 1 . The uptake capacity of the dried biomass of both microorganisms is higher in every case in comparison with the wet biomass samples. Avery and Tobin (7) who studied S?+ uptake by S. cefevisiae obtained similar findings. This indicates, as has been demonstrated by other authors (lo), that both living and dead cells can bring about heavy metal biosorption. In Fig. 1 , it can be observed that the biosorption of the different heavy metals by M. xanfhus was slightly higher than that for S. cefevisiae. All our experimental results, lead us to believe that both M. xanthus and S. cefevisiae biomass from the brewing industry serve as good biosorbents in comparison biomass from other microorganisms (6, 9-I 1). The high biosorption yields found in these experiments should be considered from the point of view that biosorption occurs as consequence of the net anionic charge on the cellular surface rather than an active process (1). For this reason, in the case of the industrial yeast strain used in our experiments the high uptake capacity should be interpreted in accordance with the characteristics of the flocculant industrial strains due to the fact that the surface proteins and sugars, characteristic of these strains, may provide additional sites for the binding of metals to these organisms (12). As previously stated, the biomass from the brewery was collected directly from the fermentation tanks, with no subsuquent treatment, as soon as the beer had been drained off after fermentation. This would suggest that the remains of the must and such fermentation products as ethanol, adsorbed onto the yeast cells help in the retention of metals by the biomass. According to Galun et al. (13) ethanol improves biosorption efficiency, by cleaning the biomass surface and thus increasing the exposure of metal binding sites.
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etanol increased the uptake of cadmium three fold.
With regard to M. xanthus, our findings suggest that this microorganism has a very high uptake capacity, possibly due to the high quantity of extracellular mucopolysaccharide that this microorganism produces. This extracellular mucus could possibly protect M. xanfhus cells in their habitat because it causes heavy metal collection to take place around rather than inside the cells. Sitton and Freihofer (15) showed that the external surface adsorption as a defence against heavy-metal poisoning by restricted ion permeability into the cell is often attained by a protective layer of excreted polymer. Hence although the metal may be bound, it will be located at sufficient distance from the cell wall to limit potential damage. For example, strains of K/ebsie//a aerogenes have survived better in cadmium solutions if they secrete exopolysaccharide around the cell. Furthermore, on a weight for weight basis, isolated exopolysaccharides have over twice the capacity to accumulate cadmium in comparaison with cells stripped of polymer (16) With regard to desorption and the consequent recovery of metals, maximum values were obtained with uranile ( In accordance with what has been discussed here and having taken into account the metal uptake under the experimental test conditions in this work, it is reasonable to deduce that both wet and dry M.
xanthus and S. cerevisiae biomass are good biosorbents. However, the uptake capacity of S. cerevisiae is comparitively lower than that of M. xanthus. But, the very low cost of aquiring yeast biomass, being a by product from the brewing industry, together with our experimental results, strongly indicate that this readily available biomass substance could be used in the treatment of water polluted by heavy metals.
Additionaly, as was previously discussed, in both cases, the dry biomass functions more efficiently as a biosorbent than its wet counterpart. This in itself represents a further advantage in that dry biomass is more cheaply and easily stored.
In the recovery of valuable metals, both strains could be considered for use as possible solutions to this type of environmental problem. Concerning desorption, it would be an economically viable proposition to use sodium carbonate to recover uranium as much with both M. xanthus biomass and S.
cerevisiae.
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